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1) RESIST PATTERN OF T-SHAPED SECTION AND ITS PRODUCTION AS WELL AS MAGNETO-RESISTIVE 
UN-FILM ELEMENT 

7)Abstract: 

?OBLEM TO BE SOLVED: To provide resist patterns having T-shaped 
ctions of a good contrast in order to lower the defective article rate at 
s time of forming the electrode patterns, etc., of a magneto-resistive 
in-film element. 

)LUTION: The homogeneous resist patterns are formed by using a 
sitive type resist for image reversal and the sections 110 thereof have 
e T-shape. The min. angle formed by the tangent at the bottom edge 1 1 6 
the cross bar part and a substrate surface 1 22 is defined as a and the 
acing between the lower edge 1 1 6 in the cross bar part and the 
bstrate surface at the intermediate of the intersected point Wo of the 
rpendicular down from the outermost edge 1 1 8 of the cross bar apart 
d the substrate surface and the contact point Wi of the side edge 1 1 2 of 
vertical bar part and the substrate surface is defined as h, then a and h 
an h-a graph exist in the quadrilateral passing A:a=0° , h=0.01um, B:a 
0° , h=0.01nm, C:a=20° , h=0.2um, D:a=0° , h=0.3u.m. 
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NOTICES * 

pan Patent Office is not responsible for any 
mages caused by th use of this translation. 

rhis document has been translated by computer. So the translation may not reflect the original precisely. 
<*** shows the word which can not be translated, 
n the drawings, any words are not translated. 



.AIMS 



laim(s)] 

laim 1 ] It is characterized by providing the following. It is a resist pattern homogeneous on the real target formed 
ing the resist agent by which the negative working-ized agent was added by the positive resist containing the mixture 
alkali fusibility phenol resin and naphthoquinonediazide, and the picture inverting function was given to it. a cross- 
;tion configuration It is T configuration equipped with the vertical bar portion which is prolonged upwards from a 
Dstrate front face and constitutes the vertical bar section of T form substantially, and the horizontal bar portion which 
horizontally prolonged where an interval is kept to a substrate front face succeeding this vertical bar portion, and 
nstitutes the horizontal bar section of T form substantially, and is the aforementioned cross-section configuration. The 
ersection Wo of the perpendicular and substrate front face which set the minimum value of the angles on the tangent 
the horizontal bar partial margo inferior, and the front face of a substrate to make to alpha, and were taken down from 
» horizontal bar partial outermost side edge to the substrate front face When the interval of the horizontal bar partial 
irgo inferior and substrate front face in the mid-position with the point Wi that the vertical bar partial side edge and 
bstrate front face by the side of the aforementioned outermost side edge touch is set to h, Within the limits surrounded 
th the quadrilateral which connected with this order four points alpha and whose h are A:alpha = 0 degree and h= 0.3 
crometers in the h-alpha graph 0 degree and h= 0.01 micrometers (on the side) B:alpha = 20 degrees and h= 0.01 
crometers C:alpha = 20 degrees and h= 0.2 micrometers D:alpha= 

laim 2] It sets in the aforementioned h-alpha graph, and alpha and h are A:alpha =0 degree and h= 0.01 micrometers, 
alpha = 5 degrees and h= 0.01 micrometers Y:alpha = 5 degrees and h= 0.15 micrometers Zralpha = resist pattern of 
5 T section of the claim 1 which exists within limits (a side top is included) surrounded with the quadrilateral which 
nnected with this order four points which are 0 degree and h= 0. 1 5 micrometers. 

laim 3] It sets in the aforementioned h-alpha graph, and alpha and h are A:alpha =0 degree and h= 0.01 micrometers, 
alpha = 5 degrees and h= 0.01 micrometers Gralpha = 5 degrees and h= 0.1 micrometers H:alpha = resist pattern of 
5 T section of the claim 1 which exists within limits (a side top is included) surrounded with the quadrilateral which 
nnected with this order four points which are 0 degree and h= 0.1 micrometers. 

laim 4] The resist pattern of one T section of the claims 1-3 which are W= 0.03-3 micrometers when distance with the 
int Wi that the intersection Wo of the perpendicular and substrate front face which were taken down from the 
rizontal bar partial outermost side edge to the substrate front face, and the vertical bar partial side edge and substrate 
mt face by the side of the aforementioned outermost side edge touch is set to W. 

laim 5] The resist pattern of one T section of the claims 1-4 which are Hw=0.1-7micrometers when the maximum 
dth of the aforementioned horizontal bar portion is set to Hw. 

laim 6] The resist pattern of the T section of the claim 5 which is Vw/Hw=0.1-0.995 when the aforementioned 
rtical bar portion sets width of face of the field adjacent to the substrate front face to Vw. 

laim 7] The resist pattern of one T section of the claims 1-6 with which a front face is formed on the front face of the 
bstrate which consists of a metallic material or ceramic material. 

laim 8] The resist agent by which the negative working-ized agent was added by the positive resist containing the 
ixture of alkali fusibility phenol resin and naphthoquinonediazide, and the picture inverting function was given to it is 
ed. In the bottom of the condition from which the resist pattern of a reverse trapezoidal shape is obtained for a cross 
ction in case a resist pattern is manufactured by patterning process in which it has each stage of formation of a resist 
int film, exposure, reversal BEKU, and development in this order By adding at least one sort of condition change 
osen from reduction of resist paint film thickness, reduction of light exposure, low-temperature-izing of reversal 
king temperature, shortening of reversal BEKU time, elevated-temperature-izing of developer temperature, and 
tension of a developing time The manufacture method of the resist pattern of the T section whose manufacture of the 
sist pattern which is T configuration a cross section enables. 
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laim 9] the time of displaying as plus the direction which considers as minus the direction which approaches a 
)strate on the basis of a resist paint film front face in the focal position at the time of exposing to a resist paint film, 
i keeps away from a substrate — the aforementioned focal position -1 -+10 micrometers it is — the manufacture 
;thod of the resist pattern of the T section of a claim 8 

laim 10] The manufacture method of the resist pattern of the T section of the claims 8 or 9 which perform reversal 
•KU for [ for / 30 seconds / - ] 13 minutes at the temperature of 100-123 degrees C. 

laim 11] The manufacture method of the resist pattern of one T section of the claims 8-10 which manufacture the 
list pattern of one T section of the claims 1-7. 

laim 12] The magnetoresistance-effect type thin film in which at least one layer in the electrode layer for a 
ignetoresistance-effect film and magnetoresistance-effect films is formed by the lift-off method using the resist 
Item of one T section of the claims 1 -7 as resist covering. 

laim 13] The magnetoresistance-effect type thin film in which at least one layer of the electrode layer for a 
ignetoresistance-effect film and magnetoresistance-effect films and a shield film is formed by the milling patterning 
jthod using the resist pattern of one T section of the claims 1-7 as resist covering. 

laim 14] The magnetoresistance-effect type thin film in which the continuation film of a magnetoresistance-effect 
n and the electrode layer for magnetoresistance-effect films is formed by the method of using together the milling 
iteming method and the lift-off method, using the resist pattern of one T section of the claims 1-7 as resist covering. 



ranslation done.] 
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iT AILED DESCRIPTION 



etailed Description of the Invention] 
)01] 

he technical field to which invention belongs] this invention relates to the resist pattern of the T section and its 
mufacture method, and the magnetoresistance-effect type thin film in which at least one layer of the electrode layer 
* a magnetoresistance-effect film and magnetoresistance-effect films and a shield film is formed using the 
>rementioned resist pattern. 
)02] 

escription of the Prior Art] Conventionally, the method shown below is learned as the formation method of a resist 
ttern that a cross-section configuration shows a reverse trapezoid or T form. 

303] (A) It is the method (refer to JP,61-136226,A) of exposing by the usual method and performing patterning, 
cept making light exposure into lowness for the (Method a) method (i) negative resist which forms the pattern which a 
>ss section is a reverse trapezoid and consists of single resists and which uses the negative resist of one layer by 
raviolet-rays exposure. 

)04] (b) How to make the substrate side of a resist the degree of low temperature rather than a front-face side at the 
le of the method (i) prebaking which uses the positive resist of one layer, and a postbake. About prebaking, the 
stbake is indicated by JP,54-72678,A at JP,3-101218,A, respectively. 

) How to expose by far ultraviolet rays to the resist film for electron rays of a positive type (refer to JP,1-50423,A). 
i) How to hold in a high vacuum before [ after applying a novolak type resist ] exposure (refer to JP,3-257817,A). 
) How (refer to JP,5-37275,A) to perform ultraviolet-rays exposure from the front reverse side both sides of the resist 
plied on the transparent substrate. 

\ How to produce the pattern section and the non-pattern section, once, form a protective coat on these, remove the 
n-pattern section using this protective coat, and shorten the exposure time, when exposing a positive resist with an 
;ctron ray beam (refer to JP,5 1 - 1 4726 1 ,A). 

) How to make a predetermined value the ultraviolet-absorption coefficient of the polymer of a resist itself, or the 
dition of the cross linking agent to a resist (refer to JP,58-16527,A). 

i) How to apply on a substrate the photoresist colored with the color which absorbs exposure light, dip subsequently 
a solvent, and control the coloring concentration distribution of the thickness direction in a resist (refer to JP,1- 
4851, A). 

305] (c) It is Hoechst as a method (i) resist which uses the positive resist (one layer) which gave the picture inverting 
iction. By using the resist of ****** using shrine AZ5200E series The {AZ5200E series catalog with which it is 
own that the pattern which has the cross section of a reverse trapezoid configuration will be producible, M. 
3RUZEN, "the submicron lithography technology by picture reversal of a positive-type photoresist", 6 Electronic 
iterial, 1 (1986), It reaches. M.Spac et al and "Mechanism and lithographic evaluation of image reversal in AZ5214 
otoresist.", Proc.of conference on photopolymers principle processing and materials., Ellenville (1985)}. This resist 
/es a picture inverting function by adding negative working-ized agents, such as a basic amine, to the positive resist 
rich is the mixture of alkali fusibility phenol resin and naphthoquinonediazide. 

306] (B) The way a cross section exposes a negative resist using two kinds of electric charge beams from which the T 
sthod (i) range which uses (Method a) one-layer resist which forms the pattern of type differs (refer to JP,62- 
5423,A). However, in this official report, the cross-section [ of T characters ]-like pattern is changing with the 
ntraction after carrying out a rinse and drying to the cross-section rectangle-like pattern. 

307] (b) How (refer to JP,62-141548,A) to perform double exposure by the suitable exposure of exposure by the 
^determined exposure corresponding to the predetermined pattern configuration, and exposure by the predetermined 
posure to this pattern configuration core to the positive resist of (Method i) two-layer structure which uses a two-layer 
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How to expose a predetermined pattern simultaneously to the vertical two-layer electron beam resist by which the 
linating was carried out through the detached core (refer to JP,63-55208,B). 

) How to form in the 1st photoresist film front face the facies which has resistance in the development of the 2nd 
)toresist film (refer to JP,2-65139,A). 

) How to prepare the resist film of two-layer structure and make pattern opening width of face on the upper surface of 

>wer layer resist larger than the opening width of face under the upper resist (refer to JP,2-208934,A). 

>08] as mentioned above — although the various conventional examples were explained, even if the many are the 

es where the cross-section configuration of a resist pattern is a reverse trapezoid, and is accepted to be the T section - 

tat it is necessary to use two layers of resists or to carry out exposure twice ****-- etc. it carried out, formation 

s very difficult, and it was that by which actuality is not accompanied 

109] By the way, as a method of forming an electrode pattern etc. on a substrate, the lift-off method, the milling 
terning methods, and these using [ together ] methods exist. The outline of these methods and the reason nil why the 
ist configuration of a cross-section T typeface is desirable are explained below. 

>10] An example of the pattern formation method using the milling patterning method ion milling is shown in 
lW jng 2 . By this method, a milling-ed film is first formed all over a substrate. Subsequently, a resist layer is formed 
the front face of a milling-ed film, and patterning of this is carried out, it considers as resist covering, and ion milling 
the milling-ed film is carried out by using this resist covering as a mask. Then, resist covering is removed by the 
solution, ashing, etc. by the organic solvent, and the milling-ed film by which patterning was carried out is obtained. 
)1 1] When the cross-section configuration of resist covering is a rectangle or a reverse trapezoid like the conventional 
imple, in case a milling-ed film is **********ed using the ion milling method, the particle which dispersed from the 
lling-ed film adheres to a resist covering side attachment wall, grows, and arrives at even the front face of a milling- 
film, namely, may carry out the reattachment to a milling-ed film (refer to drawing_3 ). For this reason, when resist 
Bering was removed, it might be said that the portion which carried out the reattachment will remain in the front face 
a milling-ed film as a minute salient. 

)12] If the height for a neck is enough since the resist covering lower part is narrow in T form although the scattering 
rticle from a milling-ed film adheres to resist covering in the case of etching even when the cross-section 
tifiguration of resist covering is T form, it will not grow up so that an adhesion layer may follow the front face of a 
lling-ed film (refer to drawing 4 ). For this reason, the milling-ed film by which patterning was carried out good is 
tained, without also removing an adhesion layer with resist covering and a reattachment portion remaining in the front 
:e of a milling-ed film, when resist covering is removed. 

)13J Although the lift-off method, next the lift-off method are explained, the case where the film by which patterning 
is carried out by the lift-off method is formed on the above-mentioned milling-ed film by which patterning was 
rried out is explained here. This method is used for a series of processes which form a lead layer on for example, a 
ignetoresistance-effect film. 

314] An example of this lift-off method is shown in dmwing_5 . By the method shown in drawing.5 , after preparing 
5 substrate which has first the milling-ed film by which patterning was carried out on a front face and forming a resist 
/er on this substrate, resist covering which is illustrated is formed by carrying out patterning. Subsequently, 
tterning-ed films, such as a metal and ceramics, are formed all over a substrate front face including resist covering, 
ibsequently, in the organic solvent which can dissolve a resist, the field which exists on resist covering among 
tterning-ed films is removed with resist covering, and a patterning film is obtained. 

015] In this process, an organic solvent must fully permeate during resist covering. However, when the cross-section 
nfiguration of resist covering is a reverse trapezoid like the conventional example, in case a patterning-ed film is 
rmed, as shown in drawing 6 , a patterning-ed film will adhere also to a resist covering side attachment wall, and will 
ver resist covering. For this reason, an organic solvent cannot fully permeate during resist covering, and might be 
table to remove resist covering. 

016] On the other hand, when the cross-section configuration of resist covering is T form, although membranes are 
rmed by the upper surface and the side attachment wall of a resist covering eaves portion in case a patterning-ed film 
ill be formed, if the height for a neck (under an eaves portion) of the resist covering lower part is under the thickness 
a patterning-ed film as shown in drawing 7 , since the amount of neck becomes the shade of an eaves portion, it is not 
rmed by the amount of neck. Therefore, the film which formed membranes does not cover resist covering completely, 
i organic solvent permeates during resist covering from a part for a neck, and the film formed on it with resist covering 
n be removed certainly. 

017] An example of the method of using together the using [ together ] method ** of the milling patterning method 
id the lift-off method is shown in drawin g 8 . By this method, first, after forming a milling-ed film all over a substrate 
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it face a resist layer is formed, patterning of this resist layer is carried out, and it considers as resist covering. In the 
mple of illustration the cross section forms resist covering of a reverse trapezoid. Subsequently, without removing 
st covering after carrying out patterning of the milling-ed film by the ion milling method, the resist covering is used 
esist covering of the lift-off method as it is, and a metal, ceramics, etc. are formed. Subsequently, films which exist 
it with resist covering, such as a metal and ceramics, are removed by dissolving resist covering by the organic 
vent Of such a process, the continuation film of the milling-ed film in which patterning was earned out by the ion 
ling method, and films by which patterning was carried out by the lift-off method, such as a metal and ceramics, is 
ned in a substrate front face. 

1 81 In this using [ together ] method, when the cross-section configuration of resist covering is a rectangle or a 
erse trapezoid like the conventional example, a minute salient may remain in the boundary line of the film in which 
terning was carried out by the ion milling method of the aforementioned continuation film by the reason explained 
viously, and the film by which patterning was carried out by the lift-off method. Moreover, resist covering may be 

ible to be removed. „ , ^ ... C1 ■ 

•191 When the cross-section configuration of resist covering is T form, the good continuation film of the film by 
ich patterning was carried out by the ion milling method, and the film by which patterning was earned out by the lift- 
method can be obtained without generating the above problems for the reason explained previously. 

oblem(s) to be Solved by the Invention] in a Prior art, the T section in which good contrast is when it is going to form 
resist pattern of the T section, although the resist pattern of a reverse trapezoid [ cross section ] was obtained was not 
ained by 1 layer resist for example, in the one-layer resist, as shown in drawing 17 -20, only the resist pattern of a 
erse trapezoid [ cross section ] is obtained from the AZ5200E catalog any - Although drawing 17 is an excimer 
er drawing 18 is i line, drawing 19 is g line and the exposure light in the case of patterning is a wide band light in 
ich drawing 20 contains i line, g line, and h line, even when which exposure light is used, the cross section has not 

iome in T form. . . _ _ 

>21] on the other hand, when it was going to form the resist pattern to which the cross section is carrying out T form 
the two-layer resist by the Prior art, mixing whose time and effort is very between resists in this top and a resist 
erface took place, and T form with good contrast was not obtained 

)22] Thus when the resist pattern of the T section of good contrast was not obtained, therefore the electrode pattern 
magnetoresistance-effect films of a magnetoresistance-effect type thin film etc. was formed using the resist pattern 
this conventional T section in the former, the electrode material remained in many cases into portions other than a 
mired electrode pattern, and the rate of a defective of a product was high. 

)23] In order to stop very low the rate of a defective at the time of forming the electrode pattern of a 
ignetoresistance-effect type thin film etc., the purpose of this invention is offering the resist pattern which has the T 
;tion of good contrast, and is offering the magnetoresistance-effect type thin film in which the electrode pattern's etc. 
is formed using this resist pattern. 
)24] 

leans for Solving the Problem] Such a purpose is attained by one composition of following the (1) - (14). 
i It is a homogeneous resist pattern substantially, it was formed using the resist agent by which the negative working- 
;d agent was added by the positive resist containing the mixture of alkali fusibility phenol resin and 
phthoquinonediazide, and the picture inverting function was given to it ~ a cross-section configuration The vertical 
r portion which is prolonged upwards from a substrate front face and constitutes the vertical bar section of T form 
bstantially, Are T configuration equipped with the horizontal bar portion which is horizontally prolonged where an 
erval is kept to a substrate front face succeeding this vertical bar portion, and constitutes the horizontal bar section of 
form substantially, and it sets in the aforementioned cross-section configuration. The intersection Wo of the 
rpendicular and substrate front face which set the minimum value of the angles on the tangent of the honzontal bar 
rtial margo inferior, and the front face of a substrate to make to alpha, and were taken down from the honzontal bar 
rtial outermost side edge to the substrate front face, When the interval of the horizontal bar partial margo infenor and 
bstrate front face in the mid-position with the point Wi that the vertical bar partial side edge and substrate front face 
the side of the aforementioned outermost side edge touch is set to h, an h-alpha graph ~ setting ~ alpha and h - 
alpha= 0 degree and h= 0.01 micrometers B:alpha = 20 degrees and h= 0.01 micrometers C:alpha = 20 degrees and 
= 0 2 micrometers D:alpha= Resist pattern of the T section which exists within limits (a side top is included) 
nounded with the quadrilateral which connected four points (0 degree and h= 0.3 micrometers) with this order. 
) Set in the aforementioned h-alpha graph and alpha and h are A:alpha =0 degree and h= 0.01 micrometers. X:alpha - 
degrees and h= 0.01 micrometers Y:alpha = 5 degrees and h= 0.15 micrometers Z:alpha = resist pattern of the T 
ction of the above (1) which exists within limits (a side top is included) sunounded with the quadnlateral which 
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nected with this order four points which are 0 degree and h= 0.15 micrometers. 

Set in the aforementioned h-alpha graph and alpha and h are A:alpha =0 degree and h= 0.01 micrometers Xralpha - 
;grees and h= 0.01 micrometers G:alpha = 5 degrees and h= 0.1 micrometers Hralpha = resist pattern of the T section 
he above (1) which exists within limits (a side top is included) surrounded with the quadrilateral which connected 
i this order four points which are 0 degree and h= 0.1 micrometers. ^ • . 

width -- a bar -- a portion -- the outermost -- a side edge -- from -- a substrate -- a front face - having taken down - 
srpendicular -- a substrate -- a front face -- an intersection -- Wo - the above -- the outermost - a side edge - a side - 
ngth - a bar -- a portion -- a side edge - a substrate - a front face -- touching - a point -- Wi -- distance - W ~ - 

tvine carried out -- the time - W - = ~ 0.03 three - , . 

The resist pattern of one T section of above-mentioned (1) - (4) which is Hw=0.1-7micrometer when the maximum 
[th of the aforementioned horizontal bar portion is set to Hw. 

The resist pattern of the T section of the above (5) which is Vw/Hw=0. 1-0.995 when the aforementioned vertical bar 
tion sets width of face of the field adjacent to the substrate front face to Vw. t 
The resist pattern of one T section of above-mentioned (1) - (6) with which a front face is formed on the front face of 
substrate which consists of a metallic material or ceramic material. 

Use the resist agent by which the negative working-ized agent was added by the positive resist containing the 
cture of alkali fusibility phenol resin and naphthoquinonediazide, and the picture inverting function was given to it. In 
bottom of the condition from which the resist pattern of a reverse trapezoidal shape is obtained for a cross section in 
e a resist pattern is manufactured by patterning process in which it has each stage of formation of a resist paint film, 
.osure reversal BEKU, and development in this order By adding at least one sort of condition change chosen from 
uction of resist paint film thickness, reduction of light exposure, low-temperature-izing of reversal baking 
iperature, shortening of reversal BEKU time, elevated-temperature-izing of developer temperature and extension ot 
eveloping time The manufacture method of the resist pattern of the T section whose manufacture of the resist pattern 

ich is T configuration a cross section enables. u *_ ♦ 

me time of displaying as plus the direction which considers as minus the direction which approaches a substrate on 
basis of a resist paint film front face in the focal position at the time of exposing to a resist paint film, and keeps 
ay from a substrate ~ the aforementioned focal position -1-+10 micrometers it is - the manufacture method of the 
ist pattern of the T section the above (8) - . . finnn , 

0 The above (8) which performs reversal BEKU for [ for / 30 seconds / - ] 13 minutes at the temperature of 100-123 
n-ees C, or the manufacture method of the resist pattern of the T section of (9). 

) The manufacture method of the resist pattern of one T section of above-mentioned (1) above-mentioned [ which 
nufactures the resist pattern of one T section of- (7)] (8) -(10). 

») The above (1) Magnetoresistance-effect type thin film in which at least one layer in the electrode layer tor a 
iietoresistance-effect film and magnetoresistance-effect films is formed by the lift-off method using the resist 
tern of one T section of- (7) as resist covering. 

» The above ( 1 ) Magnetoresistance-effect type thin film in which at least one layer of the electrode layer tor a 
ignetoresistance-effect film and magnetoresistance-effect films and a shield film is formed by the milling patterning 
:thod using the resist pattern of one T section of - (7) as resist covering. 

V) The above (1) Magnetoresistance-effect type thin film in which the continuation film of a magnetoresistance-effect 
3i and the electrode layer for magnetoresistance-effect films is formed by the method of using together the milling 
Iteming method and the lift-off method, using the resist pattern of one T section of - (7) as resist covering. 
)25] 

unction] The resist pattern of the T section was realized by using an one-layer resist, i.e., a resist with the 
moeeneous whole, and controlling by this invention, as patterning conditions were described above. 
3261 Since the T section configuration of high contrast which the whole is formed by the homogeneous resist and has 
>ove alpha and h in predetermined within the limits is made, the resist pattern of the T section of this invention can 
iuce the rate of a defective remarkably, when the electrode pattern of a magnetoresistance-effect type thin film etc. is 
rmed using this, and when it is best, it can realize 1 00% of rate of an excellent article. 

0271 In addition, although there is no example which has formed the pattern of the T section by one picture exposure 
fore basic application (Japanese Patent Application No. No. 209950 [ seven to ]) of this app f**™£™l^™*f 
t e layer the resist pattern of the T section is indicated by the 25-30th page of the reference "IEEE TRANSACTIONS 
S MAGNETICS, VOL.32 NO.l, JANUARY 1996" published after application of basic application of this 
plication By this reference, it has measured whether what a cross-section configuration, the amount of the 
attachment object which remains after a lift off, etc. are influenced by change of light exposure or the BEKU 
quivalent to reversal BEKU in this specification) temperature after exposure, and the result is shown in Table 5. 
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/ever the absolute value of light exposure or baking temperature is not indicated by this reference, and the kind of 
St ^notTnd^, either^For the resist pattern indicated in Table 3 of this reference, it is formed using the .wide 
S oH hne cut as an exposure light, and full [ of a cross section ] (W) is 3.6 micrometers. The height (H) of the 

Urita Section of T fiL is 0.2 micrometers above. It is above. In addition, the kind of exposure light was judged 

t the aliener currently used by this reference. 

81 BvS reference; Si wafer is used as a substrate. Moreover, although the scaiming-elech-on-microsoope 
[oL^h Tof die cross ection of a substrate and a resist pattern is indicated by drawing^ of this reference, as long as 
SLIS seen it is thought that the resist pattern is directly formed on Si wafer front face. However, according 
iSeriment oTfois invention persons, it was impossible to have formed the resist pattern of die T section m Si 
er ninTface directly. As for the resist used by this invention, bad [ an adhesive property with Si wafer ] as the 
on ^concrete since a touch area with a substrate produces a detailed resist pattern narrowly using i line preferably 
2 tZT^ist pattern of the T section can consider that a resist pattern tends to exfoliate from S-^For 
reason while controlling patterning conditions by this invention as mentioned above, it is Si and ' f^By usingtiie 
su^TwhTch has the fronlface of an except, formation of a detailed T section resist pattern is enabled On the other 
? the detailed T section resist pattern which used i line for the above-mentioned reference is not indicated. 

Jbodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail 

301 SmS foe resL pattern of this invention is what carried out patterning, was formed by method which mentions a 

we reveal co^espondence positive resist later, and carried out patterning of the one-layer resist, it is substantially 

3lfwto patterning is carried out in this specification according to a series of processes of a resist agent and picture 
osure-^eX^ and reversal BEKU (RB)} -> uniform exposure (henceforth, flood exposure) -> 

rmiSeSre reversal correspondence positive resist made the positive resist die base resin ^negative 
rking^zed agent was added by this and the picture inverting function was given to it, a picture exposure portion 

3^ S m^s a mvenS the rositive resist containing the mixture of alkali fusibility phenol resin and 
.hL^on^Se is ma P de into a base resin, and the picture reversal correspondence positive resist of composition 
lavina added the negative working-ized agent to this is used. 

33] | The above-mentioned alkali fusibility phenol resin is a phenol formaldehyde novolak resin, a cresol 

l^el^ com P° und inCreaSCS ±& SOlubiUty OV6r 1 alka Ji Solution by j f 

mVv£& irTadiSSn with ^compound which has at least one naphthoquinonediazide machine^ The compound of 
7oZ Stoes is known as such a compound, and especially a kind of a hydroxyl compound and o benzo ****** 

dtSS ^of o-naphthoquinonediazide sulfonic acid. As these compounds, it is a 2 and 2 -^ydroxydiphenyl- 
ew [A naphthoquinone -1, a 2-diazido-5-sulfonate], A 2 and 2 '4, 4'-tetrapod hydroxy diph^iyl-tefrapod [a 
iMioquino^e -1 Sid a 2-diazido-5-sulfonate], 2, 3, 4-TORIOKISHI benzophenone-screw - There are [a 
hfooquinone -1 a 2-diazido-5-sulfonate], etc. The ester of the acetone indicated by especially JP ,43 -25403, B, the 
lyfr/drexy ^^henyl obtained by the condensation polymerization of pyrogallol, a naphthoquinone -1, and a 2-diazido- 

;ulfonic acid etc. can be mentioned. u . - 

»5] As the above-mentioned negative working-ized agent, an aromatic hydrocarbon, 1 -hydroxyethyl-2-alkyl 
idazoline or a shellac etc. which has an amine and a hydroxyl group is mentioned. ...... nn A» n , 

361 A Tm a^ine of the above-mentioned negative working-ized agent, a dialkyl amine, alkylamine the secondary 
me foat hasThydrexyalkyl machine or a tertiary amine (henceforth a hydroxy alkylamine), a dialkylamino aromatic 
drecXn and annular polyamine can be raised, for example. As an example of a dialkyl amine, diamylamine^ 

SEmS J TW^is a JIDESHIRU amine etc. as an example of alkylamine Tributylamine, A tnamylamine, tnhexyl 
JSf and S a^ySe Air^ample of a hydroxy alkylSnine, a diethanolamine, N-methylethanol amine, 
^l^^^lpn^lBrm^ and a triethanolamine Diethylaniline and a dipropyl aniline can be raised as 
Txampie of ^dialkylamino aromatic hydrocarbon, and a hexamethylenetetramine can be raised as an example of 

Om^r^X^^droc^on which has one or more hydroxyl groups in which esterification or 
Sca?^ as an aromatic hydrocarbon which has a hydroxyl group can be used. There are the resin and 

Zxvbenzene ^compound which have the benzene ring which has a hydroxyl group as an example of the aromatic 
-drocarbon wWch hasThydroxyl group, and a phenol formaldehyde novolak resin and a cresol formaldehyde novolak 
£ can b ^r^ asrexample y ofa resin of having the benzene ring which has a hydroxyl f ou P^°^ 
?ogaUol phloroglucinol, 2, and 2-screw (4-hydroxyphenyl) propane as an example of 1-hydronahum SHIKIECHIRU- 
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kyl imidazoline, the carbon atomic number of an alkyl group is mentioned as an example of a hydroxybenzene 
ipound, and the compounds and those mixture to 7-17 are mentioned. 

581 A compound desirable as these negative working-ized agent has a tnethanolamme, N-methylethanol amine, N- 
CHIRUJI enol amine, diethylamide, a hexamethylenetetramine, tributylamine, a TORIISO amyl amme, a 
acresol formaldehyde resin, a shellac, 1 -hydroxyethyl-2-alkyl imidazoline, etc. , 
591 The amount of the above-mentioned negative working-ized agent used receives the above-mentioned resist base- 
n 100 weight section. In the case of an amine, preferably The range of the about 0.005 weight section to the about 1 
eht sectioh In the case of the aromatic hydrocarbon or shellac which has the range of the about 0 01 weight section 
?e about 0.3 weight section, and a hydroxyl group more preferably, preferably The range of the about 0.005 weight 
ion to the about 1 0 weight section, more - desirable - the case of the range of the about 0.01 weight section to the 
ut 3 weight section, and 1-hydroxyl ethyl-2-alkyl imidazoline - desirable - the range of the about 0.005 weight 
:ion to the about 0.1 weight section - it is the range of the about 0.01 weight section to the about 0.07 weight section 

^me^ous additives other than the above-mentioned component can be added to the photopolymer ^stituent 
d for this invention. For example, since picture intensity is raised, as a binder, the resin which can be mixed with the 
rementioned component to homogeneity, for example, a styrene maleic anhydride copolymer, a styrene-acryhc-acid 
olymer, a methacrylic-acid-methyl-methacrylate copolymer, etc. can also be added. 

41 ^Detailed composition of this kind of resist is indicated by JP,55-32088,B, the British patent No. 844039 
cification, the U.S. Pat. No. 4104070 specification, etc. < . 

42] As shown in drawingJL , the cross-section configuration 1 10 of the resist pattern of this invention is a T 
figuration equipped with the vertical bar portion 112 which is prolonged upwards from the front face 122 ot a 
strate 120 and constitutes the vertical bar section of T form substantially, and the horizontal bar portion 1 14 which is 
izontally prolonged where an interval is kept to a substrate front face succeeding this vertical bar portion, and 
istitutes the horizontal bar section of T form substantially. 

431 The intersection Wo of the perpendicular and the substrate front face 122 which set the > minimum value of the 
'les on the tangent of the horizontal bar partial margo inferior 1 16, and the front face 122 of a substrate to make to 
ha and were taken down from the horizontal bar partial outermost side edge 1 1 8 to the substrate front face in the 
ss-'section configuration shown in drawingJL , When the interval of the horizontal bar partial i margo inferior 116 and 
substrate front face 122 in the mid-position (the distance from Wo is W/2) with the point Wi (the distance of Wo and 
is W) that vertical bar partial 112 side edge and the substrate front face 122 by the side of me aforementioned 
ermost side edge 1 1 8 touch is set to h, As shown in the h-alpha graph of drawing 9 , alpha and h are A:alpha-. 0 
n-ee, h= 0.01 micrometers B:alpha = 20 degrees and h= 0.01 micrometers C:alpha = [ 20 degrees, ] h- 0.2 
Urometers D:alpha= It exists within limits (a side top is included) surrounded with the quadrilateral which connected 
lt points (0 degree and h= 0.3 micrometers) to this order, preferably Aralpha =0 degree and h= 0.01 micrometers 
ilpha =5 degree and h= 0.01 micrometers Y:alpha = 5 degrees and h= 0.15 micrometers Zralpha = It exists within 
lite (a side top is included) surrounded with the quadrilateral which connected four points (0 degree and h- 0.15 
crometers) with this order. They are Aralpha =0 degree and h= 0.01 micrometers more preferably. X:alpha - 5 
?rees and n= 0.01 micrometers Gralpha = 5 degrees and h= 0.1 micrometers Hralpha = it exists within limits (a side 
lis included) surrounded with the quadrilateral which connected four points (0 degree and h= 0.1 micrometers) with 
s order. In the resist pattern of the T section, by setting alpha and h as such within the limits a good lift off, good ion 
lling etc. can be performed for the first time, and the rate of a defective also becomes less ttian 20%. The pattern 
tich has such a T form configuration by the single resist conventionally does not exist. In addition, it means that 
>ha= 0 degree has parallel tangent and substrate front face 122 in the margo inferior 1 16 of a horizontal bar portion. 
)441 Setting to drawing 1 , the distance W of Point Wo and Point Wi is W= 0.03-3 micrometers preferably. It is W= 
-3 micrometers more preferably. It is W= 0.2-1 micrometer still more preferably. By setting W as such a range, the 
e of a defective falls further. . - 

3451 When the height of a resist pattern is set to T in drawingJL , it is T= 0.3-3 micrometers preferably. It is T- 0.4-2 
crometers more preferably. It is T= 0.4-1 micrometer still more preferably. Even if T is too large and it is too small, 
rmation of the T section becomes difficult. If T is too small, it will stop moreover, being equal to the use as resist 
vering Moreover, since the end face of a milling pattern goes to sleep namely, becomes a substrate front face and 
rallel closely when T uses a too large pattern as resist covering at the time of milling, it is not desirable. 
0461 In drawing 1 , when the angle of the half-line prolonged in the substrate upper part in contact wtth a vertical bar 
rtial sidfSe at Point Wi, and a Point Wi to a substrate front face and the half-line prolonged in the direction of the 
terior rfa^i bTportion in parallel to make is set to beta, beta= 10-160 degrees is beta= 70-1 10 degrees more 
eferably. 
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71 In dr awing 1 when the angle of a substrate front face and the half-line prolonged in the direction which keeps 

JfiEiSSSfcd bar portion ^parallel to make is set to gamma from theintersection of the half-line which is 

onged Ld touches a horizontal bar partial side edge in the height of T/3 from a substrate front face from a substrate 

?fece, and a Siis half-line and a substrate front face, gamma= 60-100-degree gamma= 20-120 degrees are gamma= 

'0 degrees still more preferably more preferably. . - 

t8] V^en the maximum width of a horizontal bar portion is set to Hw in drawm&I , it is Hw=0.1-7micrometer 

erablv. It is Hw=0.3-3micrometer more preferably. . . . , t 

m the time of setting to Vw width of face of the field in which the vertical bar portion is in contact with the 

frlte front face in drawing 1 - desirable - Vw/Hw=0. 1-0.995 - it is Vw/Hw=0. 15-0.95 more preferably 

£rSsuX f a^ouf^ave side is made, when Hw is small, as for the upper surface section of the resist pattern 

le T section of this invention, there are the shape of a plane or a convex and a bird clapper. 

511 In addition, when a substrate front face is a field where the vertical bar portion of a resist pattern touch es, for 

nple, the resist pattern is formed in front faces, such as a milling-ed film, m this specification, front faces, such as 

aforementioned milline-ed film, are substrate front faces. 

52] ITfS metuThty of the material on the front face of a substrate in which the resist pattern of the T section of this 
'ntion is formed, it is desirable that they are metal (alloy is included) material or ceramic material. As a metal simple 
£££ CrTum mum, W, Te, Mo, Fe, nickel, Co, Mn, Ti, Ta, Au, Ag, Cu, etc. can be preferably used among 
alhc materials. As an'alloy, Fe-nickel, nickel-Mn, Fe-nickel-Co, Fe-Co, eta can be -. usee preferab *J™^ 
erial - NiO, aluminum 203, and Zr02 etc. - carbide, such as multiple oxides, such as an oxide LiNb02, LiTa03, 
a ferrite and AlTiC, etc. can be used preferably In addition, especially these crystalhnity is not limited. 
531 By using the substrate which has the front face of such the quality of the material, the resist pattern of the 
racteristic cfoss-section configuration of this invention can be formed. In addition, in this invention, Si single crystal 
sStTw^crmay set to manufacture of a semiconductor device and is used is not used. According to the experiment 
Sific^ of^s invention, on Si single crystal substrate, even if it uses the above-mentioned resist agent Ihe resist 
rem of the characteristic cross-section configuration of this invention cannot be formed, moreover, a front face - 
£ etc. -- since the substrate which consists of silicon oxide as well as Si substrate cannot form the above resist 

terns, it is not used by this invention „ . . . i • j 

541 Next, the formation method of the resist pattern of the T section of this invention is explained 

55 Th^ example of the chemical reaction which occurs the patterning process of a picture reversal correspondence 

;Wve resist in drawing 10 in a resist in each of that stage is shown in dra^njgJJ . Tms patterning process is 

rfdned for every stag! (about the detail). M. Spac et al and "Mechanism and lithographic evaluation of miage 

ersal in AZ5214 photoresist.", Proc.of conference on photopolymers principle processing and materials., and 

enville (1985) It is written. In addition, the following explanation is the things about an example which used the basic 

.56Hl)Thf " fsfpha^^ correspondence positive resist 2 is applied to me upper surface of the 

osure substra 1 1, and ultraviolet rays A (wavelength : 300-500nm) are irradiated after prebaking through die mask 3 
chhas a predetermined pattern on the resist film upper surface (exposure). In the exposure section 4 of a resist 2, a 
io naphZquSoTcarries out WORUFU transition and serves as an indene carboxylic acid (formula 1 reference of 
5fc«J J ) X"ndene carboxylic acid serves as an amine salt of an unstable carboxylic acid somewhat according to 
ac^alinTreaction with the basic amine which is a negative working-ized agent (formula 2 reference of drawing 
). 

)5T\(2) The 2nd phase Reversal BEKU (RB) . 
versal BEKU of die resist is carried out after the reaction of a formula 2. As for the temperature of reversal **-KU, it 
durable to consider as 90-130 degrees C. By heating by reversal **-KU, the amine salt of a carboxylic acid causes a 
cXnvlation reaction promptly, atd serves as an insoluble indene at an alkaline-water solution (formula 3 reference 
Snt An indene is not only insoluble in an alkaline-water solution, but is inactive to subsequent UV 
aSn iid subsequent heating. Reversal BEKU in this case is usually equivalent to the postbake of a process, and 

o"8H3) e the 3°rdlTs^ B irradiation is received, and the diazo naphmoquinone 

This ^me seSitfzatior ^machine of the unexposed section 5 which was unexposed serves as an indene carboxylic acid 
■^?£3£E££r solution at the time of the first exposure (formula 1 " " 

line salt of a carboxylic acid by the reaction with a basic amine (formula 2 reference) The amine salt of this 
rboxvUe acid^aSmeltable in an alkaline-water solution. Although the wavelength of u traviolet ^ys B may be *e 
„e as ul^violet rays A, since ultraviolet rays B is not [ pattern formation ] related, especially the wavelength is not 
nited In 3^ although flood exposure is not necessarily needed, when not using, it is necessary to use a 
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.paratively high-concentration developer and, and there is possibility of generating of the scum in development. 
59] (4) The 4th phase By developing negatives in alkaline solution at the development last, it melts, only the 
Dsure section 4 remains and patterning completes the unexposed section 5. UiAn 
501 As what is marketed among picture reversal correspondence positive resists, there is resist AZby Hoechst A.U. 
echst)5200E series. The detailed property of this resist is shown in M. BORUSEN, "the submicron lithography 
mology by picture reversal of a positive-type photoresist", electronic material, and 6 and 1 (1 986). 
511 Next the conditions of each stage when other conditions in the patterning process of a picture reversal 
espondence positive resist shown previously are the same show the influence which it has on the cross-section 
figuration of a resist to drawing. 12 , and explain them to it below. 

521 (1 ) a substrate front face ~ the relation between the patterning conditions of these and the cross-section 
figuration of the resist obtained is based neither on the quality of the material on the front face of a substrate, nor the 
itence of substrate surface treatment (HMDS gaseous-phase processing etc.) Preferably, the surface treatment of a 

strate has good how to bend. . . 

631 (2) If application thickness of the application thickness of a resist, prebaking temperature, and a fame resist is 
ie thin the vena contracta (slit) is formed in the substrate grounding portion of a reverse trapezoid, the width ot lace 
he vena contracta becomes large, and the cross section changes from the reverse trapezoid to T form. Preferably, the 
.lication thickness of a resist is 3 micrometers. The following (after prebaking) is good. The minimum ot the 
•lication thickness of a resist usually has desirable about 0.3-0.5 micrometers. Although prebaking temperature and 
:ime hardly affect the cross-section configuration of a resist, it is [ prebaking temperature ] desirable to carry out to 
dw reversal baking temperature. . 

641 (3) If light exposure light exposure is reduced, the vena contracta (slit) is formed in the substrate grounding 
tion of a reverse trapezoid, and the cross section changes from the reverse trapezoid to T form Although desirable 
it exposure changed with the kind of exposure machine, wavelength distributions of exposure light {ultraviolet rays, 
* beams (excimer etc.), an X-ray, an electron ray, etc. are included}, etc in the ex periment which jres ults in this 
ention, its 10 - 500 mJ/cm2 was desirable, the case where the wide band light and g lme (wavelength of 43 6nm) of i 
» (wavelength of 365nm) cut will be used as an exposure light if it explains to a detail more - desirable -100 - 500 
/cm2 - more - desirable - 100 - 400 mJ/cm2 and the case where are 100 - 330 mJ/cm2 still more preferably, and i 
= is used ~ desirable - 10 - 100 mJ/cm2 - it is 30 - 60 mJ/cm2 more preferably In addition, in order to make the 
tern of MR film detailed in a magnetoresistance-effect (MR) type thin film, it is desirable to use the light or the 
ctron ray of wavelength not more than i line or it for exposure light. By the detailed resist pattern formed using i line, 
thing of the good T section is not obtained conventionally. . 
>651 Moreover the height of the vena contracta formed in the substrate grounding portion of a resist pattern can be 
usted by controlling the focal position of exposure light. Specifically, if a focal position is moved to a substrate side, 
i height of the aforementioned vena contracta will become low, and if a focal position is moved to a substrate and an 
oosite side the height of the aforementioned vena contracta will become high. When a focal position is displayed by 
isidering as plus the direction which considers as minus the direction which approaches a substrate on the basis ot a 
ist paint film front face, and keeps away from a substrate, -1-+10 micrometers of focal positions are -1-+6 
crometers more preferably. By making a focal position into such a range, it can perform easily making Above h into 

)66U4) iTreveSd BEKU (RB) temperature and RB time RB temperature are lowered, the vena contracta (slit) will 
formed in the substrate grounding portion of a reverse trapezoid, the width of face of the vena contracta becomes 
ge and the cross section changes from the reverse trapezoid to T form. Especially RB temperature has desirable 100- 
8 degrees C 100-123 degrees C. Moreover, if it is more than predetermined RB time and RB time will be shortened, 
; inclination for the vena contracta (slit) to be formed in the substrate grounding portion of a reverse trapezoid, and for 
n-oss section to change from a reverse trapezoid to T form will be promoted. As for this RB time for [ for / 30 
zonds I - ] 13 minutes is desirable. If RB time is too short, a reaction as shown in drawing ,!! will stop in addition, 

067] (5) although flood light exposure flood light exposure hardly affects the cross-section configuration of a resist ~ 
ually- 100 -600 mJ/cm2 ** --carrying out is desirable 

0681 (6) If development conditions and a rinse condition developer are alkaline solution, they will hardly attect the 
oss-section configuration of a resist. For example, it is good at phosphate solution, TMAH etc. The vena contracta 
lit! becomes is easy to be formed in such a reverse trapezoid substrate grounding portion that a developing time is so 
ng that the temperature of a developer is high, the width efface of the vena contracta becomes large and the cross 
ction changes to T form. It is desirable to use 1 - 3% (NanH3-nP04) solution of phosphate as a developer as for 
■velopment temperature, it is desirable to consider as a room temperature (20-25 degrees C), and, as for a developing 
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it is desirable to consider as for 30 - 90 seconds. If a rinse is pure water, it will not be based on the temperature and 
> toe of a rinse and will hardly affect the cross-section configuration of a resist. It is desirable to use uhrapure 
^aTa temperature, it is desirable to consider as a room temperature (20-25 degrees C), and, as for 

- time it is desirable to consider as for 10 - 1 80 seconds. 

aS2S a t baking process may be established after after [ development ] BEKU development for dryness 
the conditions of BEKU after development hardly affect the cross-section configuration of a resist. 
'01 Thus the resist pattern with which a cross section has T form at the time of various combination of the 
htions of each stage in the patterning process of a picture reversal correspondence positive resist is obtained. That 
^££«JXS£ is P exposedfor example, with the light exposure of under the minimum light exposure .used 
reTerse tapezoid at the time of the combination of some reversal baking conditions and devel opment condi ions 
Spattem of the T section can be formed. Moreover, when a resist cross section carries out reversa 1 BEKU at the 
perature of under the minimum reversal baking temperature used as a reverse trapezoid at the time of die 
Etion ofsome exposure conditions and development conditions, the resist pattern of the T section can be formed. 
ouS cltiolTf lighfeSosSe or reversal baking temperature, especially control of reversal baking temperature are 
dSw^efto form the resist pattern of the T section, as described above, the T section of a desirable 
figuration can be obtained also by controlling other various conditions. 

7lf By using the resist pattern of this invention explained above, a desirable magnetoresistance-effect (MR) type thin 

72TAn e ex^nple d of the layer structure of the compound-die thin film magnetic head equipped with the 
^SS^ type thin film reproducing head and the inductive mold thin film ™ ™ 

mtrte of the magnetoresistance-effect type thin film of this invention was shown in drawing 13 this drawing - 
Sf -a sTgnU - tn^magnetoresistan^-effect type thin film reproducing head and 1 1 - for a lower shie d layer and 
a?for a m?gnetoresistance-effect film and 16, an insulator layer and 15 are [ a substrate and 12 / an insulator layer 
VTu^Sayer (electrode layer for magnetoresistance-effect films) and 17 ] insulator layers And such ^ 
metoresis See-effect type thin film reproducing head 1 0 is combined with the inductive mold thin film recording 
dS > of £^£cZ kn^wn from the former, and let it be the head of a compound die. The inductive mol d ton fUm 
Drding heTd 20 is usually equipped with the lower magnetic pole 21, an insulator layer 22, the insulator layer 23, the 
I 24, the up magnetic pole 25, and the protective layer 26. 
7^1 r pramic material such as AlTiC, is usually used for a substrate 11. 

74] ai SaSr Ser 12 ~ thickness about 1-20 micrometers - aluminum 203 and Si02 etc. - being formed is 

751As for the lower shield layer 13, it is desirable to be formed by FeAISi, NiFe, CoFe, CoFeNi FeN, FeZrN 
f aN CoZrNo CoZ^Ta, etc., and its b.5-3 micrometers are [ especially the thickness ] desirable 0.1-5 micrometers. 
!76] an msullr kfyer 14 - thickness - 100-2000A a grade - aluminum 203 and Si02 etc. - being formed is 

^Although the magnetoresistance-effect film 15 may be constituted from one layer of magnetic layers, it is 
'irable to usually consider as the multilayer structure which carried out the laminating of a magnetic : ayer and the 
*magn*fe Syer. As a material of a magnetic layer, NiFe, NiFeRh, FeMn, NiMn, Co, Fe and NiO NiFeCr, etc are 

for exLiple. Moreover, as a material of a non-magnetic layer, Ta, Cu, Ag, etc. are desirable, for example. It is 
Saole to co3r as the structure which repeated and carried out the laminating of *e muTti-umt byi faking the 
ee-tiered structure of NiFeRh/Ta/NiFe and two or more layer structures, such as NiFe/CWNiFe/FeMn 
Fe/Cu/Co/FeMn Cu/Co/Cu/NiFe, Fe/Cr, Co/Cu, and Co/Ag, into one unit as the above-mentioned multilayer 
uctie for examnk furthermore when considering as such multilayer structure, the thickness of a magnetic layer is 
*0A VspecfalW 10-250A. Carrying out is desirable. The thickness of a non-magnetic layer is 5-500A especially 10- 
A A cS rout is desirable^pecially the number of repeats of the above-mentioned unit has 1 - 20 desirable times 
o30 tSS the thickness ofAe whole magnetoresistance-effect film is 50-1000A, especially 100-600A. It is 

D^For MR lead layer 16, it is desirable to be formed by W, Cu, Au, Ag, Ta, Mo, CoPt, etc., and the thickness is 
0-5000A especially 500-3000A. It is desirable. , . , , . u , 

D79] m^TaboJe-mentioned insulator layer 17 - aluminum 203 and Si02 etc. - being formed - desirable - the 
ckness -50-5000A- especially -- 100-2000A It is desirable. 

D801 ZsuhAo* layers 12 14, and 17, the magnetoresistance-effect film 15, and MR lead layer 16 can form milling 
S SSS?Sa5Uniitk«od lift-off method or the method among each class which constitutes a 
a^oresttance-effect type thin film head using the resist pattern of this invention mentioned above. On the other 
SeSwer shieldlayer 1 3 of thickness can be formed by the above-mentioned milling patterning method 
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MoSrra^ of using together the above-mentioned Hft-off method and 

nilJmg ^ttSnmg method ushi the resist pattern of this invention mentioned above, in forming the continuation 
ofthemaenetoresistance-effect film 15 and MR lead layer 16. 

2} If the rSst pattern of this invention is used, it is efficient and, moreover, the above magnetoresistance-effect 
thin film heads can be manufactured with the sufficient yield. 

imnlel Hereafter the concrete example of this invention is explained. . . 

^thc^Secxplaiiied below, resist AZ5214E (that whose solid-content content it 1S the resist a basic amine is 
d a "a ^ egati^ worSng-ized agent by the positive resist containing the mixture of alkali fosibihty phenol resin and 
lowSTJdl and 8 using propylene-glycol-monomethyl-ether acetate as a main solvent, and is 28.3%) was 

\s^^:iZ^^-s2TS^l Sample 1 > table 2 were produced. The production conditions of 

samSe a^esho^ in Table 1 and 2. The light exposure, the focal position, and RB temperature which change 
diS co^non to all samples with samples in Table 2 are shown in Table 1. It produced each 1000 samples at a 
; so that it might enter within the limits of each production condition. 
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»8 81 AW these samnles Above alpha and h was measured using the Hitachi field emission electron beam formula 
]vf (HitecW ULSl WgWy precise appearance size evaluation equipment S-7000). These results were shown in the 
3ve-me^uoned table^Moreover, when Above W, T, beta, gamma, Hw, and Vw was measured about sample No ,3 
Iw 18 micrometers and beta about 135 degrees and gamma were [ W / about 0.75 micrometers and T/ about 2.4 
£^S^S^S^ andHw ] about 0.3. In addition, the equivalent result was obtamed as a 
•ultofnerformine measurement with the same said of other samples. , . 

m 11 photograph of sample No.3 cross section photoed using Above SEM was shown mdravm^M . 
.eresist Sof theT section of good contrast is obtained so that this photograph may show. In addition, easy Si 
bsStogl wSch the alumhW 03 layer was formed on the front face) of cutting was used for formation of the 

Soffote^ sample is aluminum 203 (although the substrate itself is AlTiC) >wh*h is a 

Si ; oxTde ^substrate front face - aluminum 203 it is, although formed upwards Fe-mckel which is nickel Cr, Ta, 
^^XSSTw^ about a substrate front face, Fe-nickel-Co and LiNb03 which is a fompoun^m^ 
?de The olace which carried out and formed the resist pattern like above-mentioned sample No.3 except this, It was 
ie cke?mal a vaTue almSt equivalent to the value of alpha of Table 2 and h is acquired, and the resist pattern of the T 
ction of good contrast is obtained also in this case. 
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1] The following experiments were conducted in order to investigate the effect when performing milling patterning 

lit jSJS^.Z&oa, On the front face of the AlTiC substrate which has a film, NiFe of 0.06 
ometer ^oTmXess was uniformly formed by the spatter. Subsequently, it produced the 1 000 magnetoresistance- 

mm^aietic teads at I time about each sample using the lift-off method (the following was earned out 
t type tmr i mm natt ernine method (the following was carried out about ion milling conditions), and the 

I ^Z^fiZ fotwtnf wicked out about'onditions) which make a mask pattern the resist pattern 
^SS?oi3Se No,l^, respectively. The lamination of these magnetic heads shall be shown in drawing 

in 1-a „«-™„Hit;nn nroanic-solvenf -- acetone organic-solvent immersing time: ~ for 30 minutes ~ [0094] kind 
^^S-Ss pressure: -1 .5xl0-lTorr acceleration voltage: - 300V acceleration current: - 

^u^ 

StioS and lift-off colons [0096] the obtained magnetoresistance-effect type thin film magnetic head -"Visual 
IS md e ec?roragnetism ~ the rate of a defective based on the transfer characteristic was investigated The result 
shownteA^ abTeTentioned table 2. The magnetic head by which alpha and h were produced from Ae ve- 
ined table 2 using this invention sample in the predetermined range is understood that the rate of a defective is 

SnnLdifron on the occasion of production of these magnetic heads, the shield layer was formed by the milling 
eming meSa^ong each class shown in drawin^Jl , and the continuation film of a i *iagn 
T e efec?ode laver for magnetoresistance-effect films was formed by the using [ together ] method. However, the 
ffiffle« when a magnetoresistance-effect film was Tormed by £. millmg patterning method 
the electrode layer for magnetoresistance-effect films was formed by the lift-off method 
98] | The resS pattern sample was produced on the conditions shown in the <example 2> following table 3. 



99] 
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. xTvA— (Canon) ttSk FPA-300014) 



(A 



NA = 0. 45, Mffli=±0. OO^B 
UV : i*8 

:5 0mJ/c«i 2 (-eX^t® : 0. 5 5u») 

:PLA (A^^5-<hr^^-) &*JV (Canon) tfJSP LA- 5 0 1 F) 
:200mJ/ca e 

. v: tv- (Shipley) ?m h f^avJt (Micro Posit Developer) 

(4 0%Hcim) * 2 3*C. 5 OVm (^KiU : *fct0Wm»8«**tS«) 



100] the place which measured the cross section of this sample by Above SEM like the ° 
ffl-ee and h - for about 0.5 micrometers and beta, about 80 degrees and gamma were [ about 0 f2 milometers and 
7 about 0 26 micrometers and T / about 0.65 micrometers and Vw/Hw of about 70 degrees and Hw ] about 0.21 

fol^^ On the front face of the AlTiC substrate which has a film, the 
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letoresistance-effect film (MR film) of multilayer structure was formed by the spatter. Composition and thickness 
RfilmareNiFeRh/Ta/NiFe/Ta=130/100/200/50(A). 

53 ^Subsequently, the above-mentioned resist pattern sample was prepared as resist covering on MR film, and 
^was permed by the milling method. Then, without removing resist covering the efertro* .layer for 
aXesistice-effect films of multilayer structure (MR lead layer) was formed by the » ft ;^ m f*<^ 
inuation film of MR film and MR lead layer was obtained. Composition and thickness of MR lead layer are 

252 TOS^^Sk^ *» * ^ SEM is shown in SJSl con n a 36 on 

^iTwidth of face (widtii of recording track at the time of applying to the magnetic head) of MR film was 0.36 

SwS the 1000 magnetoresistance-effect type thin film magnetic heads were produced like mis method I and I the 
of a defective was investigated like the example 1, it was 10% or less. According to this invention, this result shows 
I is staShzeo^ Z magnetoresistance-effect type thin film magnetic head of the ** width of recording track can 
lanufactured. 
)5] 

Sfn^ay^esrstL also form now easily the resist pattern with which the cross section has T form with contrast 
Zoning ^nventionally the conditions of patterning process in which only the reverse trapezoid was obtained, 

jSm^ewiXf face of the T section of a resist pattern, the width efface (Vw in drawing! ) of a substrate 
Sing ^portion! the width of face (W in drawingj. ) of the vena contracta in a substtate grounding portion, and vena- 
tracta height are controllable in a certain amount of range with sufficient repeatability. 

J7U& when making into the mask pattern at the time of a lift off or dry etching the resist pattern of the T section 
ch iSiel ™t""g according to this invention, since the cross-section configuration of a mask pattern j can 
mized according to thickness, its patterning width efface, etc. of a patterning-ed film the yield which it is in the 
* of a lift off or dry etching improves according to the effect of the aforementioned (B) term 
08HD)The widA of face of a resist pattern cross section is 1 micrometer. The following patterns can a so be^ 
ned ( There D rw^ft of face is 1 micrometer. Formation of the following lift-off patterns and a dry etchmg pattern 

091 fmShTcftiie resist pattern with which the cross section carried out T form is obtained and it is not necessary to 
an expense feciln^ ofan excimer laser etc. by exposure by ultraviolet rays, an installation cost is cheap and ends. 
JS £) mZX Ee was need, such as doing the exposure work and the wet development work which need Ihe 
snnS of 3 rwo or more times, and it was very complicated in order to form the resist pattern of fee : T sectton 
Snally, in this invention, since exposure work and development work can be managed at once, respectively, 

^)7^ ttn, a lift-off pattern and a dry etching 

tern can be formed cheaply. 
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tchccttox. *«*ccttjst?*>&. 
[0 0 3 1 ] *Wffl»*C*JV>riS«R(E»l6*^aus> 

^ «7 - * > ^ibttAHfins nr ia«uK@M6mi^ $ n 
feu^A^Xte^O, IWT, l> 

{ R B > } —Ha?* (KIT. ? KB*) 

ii. *nm->** v tmmcm^uim^im t h^<j>x 

30 

[ 0 0 3 2] »j oisti^ * / 

*as»ufem«ffl«oa£«s5*^ssu^A ^ 

[0 03 3] ±t2TiU^'J5I#tt7* ^-jUJB^J*, 
[ 0 0 3 4] ±127^7 h ^ y >>:>r ^ Kffc^iii, * 

\tZW>iS\Z>t\X**U met KP*fiKk«*©-Hi 

li. 2. 2* -t''tKD + V- s ^7ii^-b'A- [7^ 
7h*/>-l, 2 - S>71 5 F-5-ajU*>!*xA7 
,'U] . 2, 2* 4. 4* -^h7th"a+W7*^Jl 
-f h7 [t7ht^>-l, 2 -t>7!>K-5 -A,'L, 
50 *>|IeXA-7^], 2, 3. 4 - Mj!r*!^>*/7» 
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/>-tA- [t7^/>-!, 2 -S>T*>K-5 - 
^#*>0 , «K«£«4 3-25 
4 0 3^tR<ClaK$nTC^T-b h>£ tTD#a-»U 
CWSM^CC J: 0 ff *5>n*tf 'J bF Dt * 
H^>-1, 2-i'T^ K-5 -^**>B©xAf 

S'x?«u-2-7.'U*.»n s yv r y>*fci;fc c -'x*? * 

[ 0 0 3 6] ±124 # ^ < ^\m<07 5 > £ 

,'U7 * , h 7;U*,'U7 5 ><D^f*ffl<t 1/ 

h »J-/*^7* h l J7^'l7^, 
,'U7S>, MMV7$^7^>^. tKD+^W 

> ^7p.'</-.^r^>. h yxjr ^-«U7$ 

*A,7^*)>. ^7D^7^»J J$1**'J7*> 
[ 0 0 3 7 1 $ fc, *BMttirr *^«&«ffc*S<t 1/ 

€MII*«^U*Ctt. 7*/-W'lA7.-lft hVi<7 
**<f&C<t#*C3*o t KD**^>-fe'>ffc£ttG>Js 
2, 2-b* <4-b Fa^^7«xjP) 

itWii/rii. 7.'U+juecc«3&J8F^B!^7-i 7*r- 
[ 0 0 3 8 ] C #7- < 7"? > ^fbS'Ji urfi? 

J $ / — >l? * > N-^HJ**/- 4-7 $ 

> i>x*.'U7^- , J >, ■'s+IJ-y *U>r h ^ $ h 
U:^,<UTS>. FMV7^^75>, >' £ * b y - 
,'bWA7.'l'ft KStflg. y 1 - t Ko+S/ 

[0039] w < ^ffcflwweffifl: 
li. ±ffli'*->* h£#J ! o o sure 4 or . 7 s >o 



(7) 1SBHP9-9 6 90 9 

tssKi**** o < ii^o . o o 5 msw>m* 1 msas 

J-7 *<DiI£Kl**?* U < I*£j0 . 0 0 5 H£g|W»*E> 
1 OSfitftiDfiH. J: 0 sit* I* < ttM*>0 . 0 1 

5£C«B^6nO. 12S«K>»B. cfc*3***U<U:£5 
0 .01 tt**> &0 0 . 0 7 fifittttKB r* *„ 
10 [ 0 0 4 0 ] *^«(CJQi^n«AK«ttWJiraatt(C^ 

«*-pu ^ >m#mi*&. * *- u > - 7 «j juuffta^ 

ft. > * * 'J >' ^ * .'UK^ ^ ^S^ftCt t r& 
msci^c^rSo 

[0 04 i ] ccc•<i<7>l-t^^^^■a'iS^c^t: 

«*. 4^fl35 5-3208 8^£!K. «S«flF« 844 
0 3 9«mM. teJ:CX*gl»S^B4 1 0 4 0 7 0^ 

[0042]@i i>cth?& $t,c s hM^? 

->CC«H«« 1 1 0 I*. Sffi 1 2 OCC^M ! 2 2*>*E> 

ATSM^ff^l 1 4i^(iAST^«T'*>S. 
[ 0 0 4 3 ] m 1 *C^Tteffi^1*tCfc<,>T % 
T»l 1 60>»eSi^«^fil! 2 2i^tft©n<^> 
^MfeaiO. 1 8^6S«^ 

! 2 2 ! (Wo i i<D?E«k*W) <t 

^Tif* 1 1 6 1 2 2 £<DNKI* h <L t tc t 

A : a= h = 0. 0 1 i<m 

B ; a=2 0* . h = 0. 0 1 um 

C : cr= 2 0' . h = 0. 2iim , 

D : or= 0* . h = 0- 3iim 

A : a=Cr . h=0. 0 1 urn , 

X : a= 5* . h = 0. 0 1 iim , 

Y ; cr= 5 # . h = 0. 1 5 iim , 

2 : cr = 0 # . h = 0 - 1 5 u «n 

A : or= CT . h = 0- 0 1 iim , 
X : a= 5' . h = 0. 0 1 , 
50 G : a= 5* . h = 0. Uin, 
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H : a= 0 # . h = 0 . Imq 

0. W^-CMSt^U^ r*?W*>$ *)>imW> 
r X'C (OX *> UTW>WAX&*>*z»* J > -^ittWfr 

[ o 0 4 4 ] @ 1 iCfct^C . f&W o LgW i ^COHIW 
I*. Pt£l/<tfW= 0. 0 3-3/iw. J:»mSU<li 

[0 04 5] @UCfcC^C. U*>Ah;<*->0DiS3& 

£0<t*T = 0. 4-2 Mm , $^t5 0<iiT = 
0. 4—1 i*mX'&>& 9 T1fifz*?&Xi>'U2?XX 

At-tv^tLxmi'tctaz* s h>*m*->g:4ebi 

[0046] Hi CCfct'-C . s ^«'<-tf»«*lC 

fS<LGA:<t*. s»r5l,<**/2 = l 0- 1 6 Cr . &*)Mt 
£L<I*<S= 7 0- ! 1 0' T?*>£. 
[ o o 4 7 ] m 1 fCfel »T . ^fi^fiS^^^O'SfeS® 
T / 3 OS <* tc t WM-^fflBttc#r * 4M£ 

Tfcfcr <tOfc:£*, L<t*r = 20-1 £0- , 
J:0W*O<i*T= 6 0-100; . 3fctCft?*L<li 

r = 80-9 0* tr*>*. 

[00481 01 tefc^C . tt"~tta<«fcft:«£ H v 
<hUfc£*, 0< l*Hw= 0. 1-7 iim. 
5U<liHw=0. .3-3 *uprc*&. 

[0049101 Kfct,^c. «$M-gp^yysss^iBi» 

Hw = 0. 1-0. 995. J:0*?£0<liVw/Hv 
= 0- 1 5-0. 9 5T'*>*,> 
[ 0 0 5 0 ] *«W!©TBIiraf©uy^ h f £ — ><d_L 

[005 i ] a*?, -^«gstcfec^cg«^Mi^ u 

h < * - > CC ^ v - h fiSO C £*C*>0 , 
mar, lis 'J > yi^o^® *C l^'^h'^- > 
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[ 0 0 5 2 ] #^<OTJEKffi<Ol^'* r M*->jWB 

O^ *>^i3mt* it/rii: Cr, Al. V, Te. M 
o. Fe, Ni. Co, Mil, Ti. Ta, Au. A 
6T. Cu^£&f£0<Ec>£C£*Vc*& 0 ^<tO-C 
I*. Fe-Ni. N i -Ma, Fe-Ni-Co. Fe 
10 -Co^*tfr0<J^*C±#r£* o tv* 

ttH&l#-C<2. NiO, Al, O, ZrO, 550C«fb 
to. LiNbO, ,'LiTaOj . ? *v A \^<rj&& 
KifclSJ, A ! T iC^<Ofc{tfaU£Z&£L,<m^*>C 

two**. ctihK&m&kZWcmitstxu 
[ o o 5 3 ] ccj: *vttMvtfffi**r?&&te*mt.> 

& C L CC i: 0 . *»H<D«»ab &&r25^«<0 i^h-t 

[ 0 0 5 4 ] vXK , T ^»ifl5CC' l/^K 1 ^- 

[ 0 0 5 5 ] Hf*S*£J*ltsl«t>a h 0>M » ^ > ^ 

x al, "Mechanism and lithoqraphic evaluation of inw 
qe reversal in AZ5714 photoresist," .Proc, of confer 
ence on photopolymers principle process i nq ami mat 
erial5.,EHenvi11e (1985) 1>C^iy>tiXl>i>) ♦ ^ttfe, 

[ o 0 5 6] (i>^i ms nut 

40 1 o±fflKB«S»»ir-i<i^i/ t>x h 2 STS 

wr a i> 3 wtuxmxmA (mm 3 0 0 -5 0 

0m.) «rjnH (33?*> T^y. U^A h 20?2S*g|l4CC45 
^5K>Bi«C* (El! 1 1 <MH > • <<>^>^7.'U 

> <t - r * tt y ^jcsic i 0 , ^^^F*^<f * 

[0 05 7] <2>£f2*'3FS «J m— < R 
50 B) 
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tt<Xh£**>. 

[0 05 8] <3>333i*lt 7 5^K«* 
CCt, US'* H*fJk^BJKtf*Si*. SSW>»*» 

tc* a* t* * 5 <pj»:fcs -cab £ s>7 r? 

tti*> <3U*B&> , Wltt7S>±©5SSic 
J;0*.'l>#>i£«>7 ^ >mttt& i&2&m) • C<D*7 
JMOBM>T5 >lft<>7^«MAM«:pl«r*«. » 
9MI BO««**S!&f tt A i |sj t> T'*> -> X 6 J: t . 

oat**. «i^C'<sdi». tt^&a*<j>^5«*« 

[0059] C4> St4J*F§ 

[ o o 6 0 ] B WE*6*ttfc#^3tt U ^ * KD ^ *> rp C $ 
-a h A 2 5 2 0 0 E t' II - Xrt**>£>. CO h<*>S* 

ft. 6, 1 < 1 98 6) CE5*£*rr<r»* # 
[0 06 1] B 1 2K, 5fetC*lfcB*K'fiM& 

Kweoi*r * 1/ , *ti*> fc^i * r wtic wwr 

[0 06 2] ( 1 ) £«*ffi 

tODH^I*, *«*H«>H!B^*«*ffi«i«l (HMDS 

©w*cct* ««i/<i*. 

[0063] <2> U^X hGHMiBJV, 
ft. 

mm*. < on < a y ? h > sw&>3£ n % < vtuow* 

lL<iX^XWmwa^m^hTm^ti{tUX^< . ff* 

eiraiji'. Y<o&itmmoTmt % mno. 3 
-o. 5iimfi«^fi?*ut»o ^y^-^taflti-eoa* 
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fei £ t* u •> x h ©KB««k: itts i ^ turn***. * i * 
* y ^ - * sdti* y ; < -*y\«u^ - »mivxrt* & 

[0064] (3) 

v ? * ) #»«$n. ws^iss^^T^^xffc 

10 1 0 - 5 0 0 in J /c m 4 J0'&t3t u*-* 

tc. £*)ZZWC&m?Zt. 3l**<LUr ii|&(iS^3 
6 5nni> ti? KD£C#l«*-¥>ff<t (g^4 3 6«n) €rJ^ 
t»L<lilOO^5OOmJ/'c0i l t i: 
♦J $ti l/< li 1 0 0 4 0 0 in J /c m J , $ *>^«f * 
l»<ttl00^3-30mJ/cm , tab»J. i«L«rH^ 
&*8^, ^5L<Jil 0-1 GOmJ/cm 1 . «fc*Jfif 
iU<«3 0-6 0aiJ/cm , C«>^. «tJa 4 ^SliS 

(ajffl^ t^it <sfe«>tc%*. mtitvc i fci^nw 
3S£. tmuTm)m<»h<Dk*&z>tix^tji,>o 

l 0 0 6 5 ] * fc, 3l*7tcc^«{ig tmto? ZCttC 

30 ?xtuxM&tiLm&&*i>tct&. m&tiL&k*. 

t/<**- 1 1 0 iim. «fc0ftf*U<ii- 1 — 1-6 tt 
[0 06 6] (4) y^<-^U^-^ (RB> R 

iSsa^^T^cSfkU-CiKo RBSftlt, 100- 
! 2 3-C, 1 0 0 - 1 18 -C^t* l,C^o « *C &t 

omimi&WHc< cxn (*y ^ h > ^ssnftB^ 

felk*. 3 0 WW - ! 3 *WWa*f* id, R BH#m 

[0067] (5) 77v K35*S 
**3UU.*1» % z Mn> l OO-eOOmJ/cm 1 
50 [ 0 0 6 8 ] ( 6 > 5IOfe*f4=fe J: V »J > A&ft 
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^tii/^^KK^^^Oo 0Utf ttHfrkfiffi. 

■J ? h ) iMMSft** < £ 0 , < VtiMf < <r -7 

(NanHi -nPO, > 1 - 3K*ffiK*Jfli>4C ± 
3Wt*t/<, ^f$tj&j£li£S (2 0-2 5*0 <LTiC 
1/ < . JMtflMt* 3 0-9 0 «BI C ±* 

ft?* u*. y >xtftittt*-c*fti*y >*«ra>B!*± y io 

> * MD £ cc J: *>r i- i>* h 4>KBX*Ktc l? £ ^ 

5U<, y >XBlfct*ttfi (2 0-£5'C) it^Ci 
l< < , l> > A«Wm* 10-18 0<Wi«Ct 

[0069] < 7 > iMtfftt-- * 

[ 0 0 7 0] C to J: * K . HfltKKM fctf S>331 20 
G>/< *~ > ?B8tc*tt* ARHKMfeitCE>$ * fcffl 
*2trt*l&tcKB^T^€:¥!?6 h 

^ies^ * tr * me y > <- if a BjfcTHfcDBdfc-c 
y/<--*\'U^-*l,fc<t*a:fc, TVMBfou;;* h>< 
^->^t4Ci^C?i, TINKH«E>U&>Xt'< 30 
-SKI*, CCC-J: *CCB«ft£fcfi* 

hpto-c***', Jjaorcj^ic c<^>«fe<osastft 
[0071] u±cciAmo^im«}u^A i^<*-> 

[ 0 0 7 2] *^<^^K^mS»J^^<Z>HMT? 
* £ B3MGtt» 5- K 6 H' > * 5? < 7*L 40 

gBK*i"t? K££ffi*fctHrffiWfi»S^3 FOB* 
GlfcEll 3Krnl,ft:. C<DHK*rt*T\ l?f!0 
l^teWSi?J8%A, K, 1 1 12lt 
<6»Hfi. 1 3%*T&*-'--*FS, 14 15 It 

fi£M&tt4MM. 1 6 (*MR y - KB (tt^fimsum 

^s©ii> , i ?\mtmx'*>t>o *ut\ cvxitt 
fcwE^o^^r * ?smwa«^ ? K2 o 

«MM^* K2 0li, T»Kfi2 1, Jfi»|g2 50 
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2. *fci*K23. 2^24, ±ttBH25fc£U«S 

[0073] Mfci lCCt*. a*, A 1 T i C**<D±v 

[0 07 4 ] feliMl 2&. J»5*s i ^2 0 M0WK 
t. Ah O, . Si O, *K*fl«IV&C±#»*0 

[0075] TS^'-.'UKWl 31*. FeAISi, N 
iFe, CoFe, CoFeNi, FeN, FeZr 
N. FeTaN. CoZrND, C o Z r T a 

snici^iio<, *ur, o. 1- 

[0076] IfilNRl 4«*. li^M 00-2000A 

«tt\ a i, o, , sio, «rx$fi&$n*c&*ftF 
[0077] 1 5 It. 1 a-cHMt 

li. WiL«fc NiFe, NiFeRh. FeMn. Ni 
Ma. Co, Fe, N i O. N i FeCrW»*t 

u. At'?^?$i^o ±e*amiiS^ora. m 

l*. NiFeRh/Ta/NiFe©3Btl». Ni 
Fe/Cu/NiFe/FeMn, NiFe/Cu/C 
o/FeMn. Cu/Co/Cu/NiFe, Fe/C 
r. Co/Cu. Co/Agt^^cBttMtttU 

6CiWSU». SMC. COJ:^Ja^jaK»^i^ 
att«^ttfV». 5-5 0 OA, «flcl0-2 

5 0Att&ctJW*u». *m\±mo>mmz . 5 - 

5 0 OA , ^iC 10-25 OA iT<bC * LC-o 
±fe^^ 7 KDm*)&U&kZs 1 -3 OH, ft* 1-2 

Ji. 50-1 0 00a , «fc 1 0 0-60 OA #ftt*l, 

[ 0 0 7 8] MR »J - KH 1 6 1*, W. C u , A u , A 
6T. Ta, Mo. CoPt*T*«Sft*C±#«*l, 
< . «cr>|i^i*. 1 0 0 - 5 0 0 0 A 5 0 0 - 3 

COOArt*?* w*. 

[ 0 0 7 9] ±g2Ji€i»li 1 7 (t, Alt Oa , S i Oj 
WC««Sn*CiJW*l/<, ^CC-^tt, 5 0-5 
0 0 OA , 1 0 0-2 0 0 0 A ^$tS 01, >. 

I 0 0 8 0 ] BMNo^HtM't- v K««Mtr «M 
(7>^*>, ^3»«SI12, 14. 1 7 , KftttttftM* 1 5 
*J:im R y - KB 1 6 i*. l/^c*^(DU t>A h 
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[ 0 0 8 5 ] <«MH i >*2 h /< 

Ml toJ:CX.3l£K:?nf. Site I*. -r^T«W->7\«U 

[ 0 0 8 4] WTIC»«T4JBMI<C tel'X it. m<$fc 0 H^fWUc 











us?* h 


h Otectot) H3IA Z 5 2 1 4 E 












<^;Uht7^vi>(UltrateclO StaGL Uitreatep Model 1500) 




NA=0- 2 S v *£ffiflt <i£2 KlTjH*) 




UV (ilS*y h) 
















i>LA h7£-f*— ) XCaifljn) A- 5 O 1 F) 




5 0 0m J /en* 




V-/ 1— (Shipley) im w^D *3>,h f^Q^ (Micro ifeolt Itortmr) 




<:H. 0=2 ; 1) . 23Ks 7 0«ffl (AK/U: ^i0«O«^fcg^*^T»W 


M ;SM?Ju 2 3TC, 6 OUn <*KM 







[ 0 0 8 7] 
[«2] 



[008 1 ] BftSUftS^migl 5<LMR'J-KB 

[008 2] *^0i'S>;*hM£->&j5t'nkir, ± 
[ 0 0 8 3] 
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(12) 



21 




131 



i 1 










1 











f 1 



8 I 

e <=> 



IK ^ ^ ^ s s 

<b ^ ^ ^ 



9fl « «© «<* » OO «Q <r> «r» - — 

p S S 3 n " S S *y 



I f S * f i I 

•O «0 «0 OO «0 <•> *Q 

«"« — < ^ — < CM CI O 

7 7 77777- 

8 8 8 8 8 ^2 

i£f jjf 1^! £2 S ^ 

lillllll 



♦> o o o o 

7 7 ? 7 7 7 7 
I g § § § g g 



10 



«3 



[0088] C ft£>CDtr> :/»UC-?c>C Sxrits^l* 

Mt^^b- a^:s e m ( situ l s i sts&tf ghra 

jffg^gS - 7 0 0 0 ) fcffiC', _bl2cu H £iffiEO 

fc. c n h<D*£m&±m& 2 cc^ ofc, sfc, -yo^.'U 

Nb, 3tC-?C**C±IS^\ T. /S, r. Hv ( Vw=&|lt 
OftnLC*, Wi*£j0. 7 5ii«i, TteSH. 8 Mill, 
13 5* . rl^9 0' , Hwi*£?2. 4 pm, 

[0089] ±£S EMfcJflt'XilWUfcir:':/ 



30 



40 



50 



*SSB¥9-9 6 9e9 

Ait o. m*Jtmotci><o) tm^tco 
[0090] ±m&v>7Mz. &mm(mx'<b 

*>A 1, 0, (Sffigifc* A ! T ! C-C4>*tf. StiHt 

*WC*>&N i . Cr, T a , &&X'*>&F e - N i , 
Fe-Ni-Co, ttdftHHMlrCA&L * NbO, 

[0 09 I ] &*>^UDU^A^**->*»,»T 5. 

[0092] HffitCA ! t 0., Jg£¥!T£A ! T i C£i 
«©*H±i<:. &)*0 . 0 6 a inCOU i F e v $ 
mc iCtmutc. r>l>X\ i!2t>7^to. 1 
~»B<Disl>A V ^5-Zs*l-? f?Z> 'J 7 h 

( <V * > * 'J>yStff^^T«TgEl/fc> 4dJ:">' 

tco^^r^nen i o o oiBh^ie^aas^^siais 

I 0 0 9 3] j)V±£zMt 

[ 0 0 9 4] n>y&# 
^ + Ar' 
y?^E^ : !. 5x ! O-'To r r 
ttlit«E: 3 0 0V 
timm&; 2 5 0mA 

B#f^ ; 8 & 

I 0 0 9 5 ] Itffflflgfefr 

[ o 0 9 6] ^^nfc-«sii&^m^a&i§fi8Si'N. ^ Ktc 

[ 0 0 9 7] ^£4o\ Ctlh(Om^ ? KOOffU^BRl/, 
g|l 3tC^$n^/S<^^*>^--'UK®ii^ M>?V<* 

1 0 0 9 8] <^*te^2 >Tga*3 (CWttft. Ut> 
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[0099] 



(13) 

* [&3] 
S 3 



^¥9-9 6 909 



24 



(Hoecf»8t)tt2IA2S2 06B 
:#?0, 7 C/'J^-^fc) 
:9Bt;, 6£W (^YL^h** K^U— h) 
: ^f>A- <**y >(Qir»n) |fK, F!>A-30O0i4) 

NA=0. 45, ^<ffiB=±0. 00^1 

UV : 118 

tBOroJ/cft" (TA^I:0. 55y») 
; 3^ 

:PLA UK9WJU9^hT9-t^) l*t*S XQauai) *±&'P L A- 5 0 1 F) 
: 2 00m J/ca» 

: (Shipley) ttM, V<^t3 fXOyJt (Hicro PwU Pmloper) 



[ i) 1 0 0 ] COTVT^tMflTfcMM 1 ^RtlCCtf 
T:±l2SEMtt:«fcOSfJ€0*:£C*>. cttt&jC* . hit 
»0. 0 2iim. WtiSjO. 26iJm. T 1*3)0. 5 u 
in. /3|*£?6 0' % rt*W7 0' . Hwl^O. 65 u 
in. Vv/HwttfiO. 2 1 rft-^fc. 

[0 10 1] COC^^H^SEMSft*:!*] 1 

[ 0 10 3] A ! « O, ti^HT* A ITiCI 

Sr * ^ * * ft* «fc 0 mM Ltc MR MOfflJdtfe £ tfflfl)? 
it 

N i F e Rh/Ta/N i F e/Ta = I 3 0/ 1 0 0 
/£ 0 0/5 0 ( A > 

7^^: U*>A h 1 OTKtt. ^ I' > £ 0 J< 40 

«B»{MRL»-K1) £KltXts. MRIBdMR 'J — K 
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